Focused microwave irradiation-assisted immunohistochemistry to study effects of ketamine on phospho-ERK expression in the mouse brain.
Ketamine produces rapid and long-lasting antidepressant effects in depressive patients. Preclinical studies demonstrate that ketamine stimulates AMPA receptor transmission and activates BDNF/TrkB-Akt/ERK-mTOR signaling cascades, leading to a sustained increase in synaptic protein synthesis and strengthening of synaptic plasticity, a potential mechanism underlying the antidepressant effects. The purpose of this study was to develop an immunohistochemistry (IHC) assay to map the distribution of extracellular signal-regulated kinase (ERK) phosphorylation in the mouse brain in response to systemic ketamine treatment. We established a focused microwave irradiation-assisted IHC assay to detect phosphorylated (phospho) proteins including phospho-ERK, phospho- cAMP-response- element-binding protein (CREB), phospho- glutamate receptor 1 (GluR1) and phospho- calcium/calmodulin-dependent protein kinase II (CaMKII) with greater sensitivity and reproducibility in comparison to conventional IHC methods. A single dose of ketamine produced a robust, dose- and time-dependent increase in phospho-ERK immunoreactive (phospho-ERK-ir) neurons in the medial prefrontal cortex (mPFC) and the central nucleus of the amygdala. Phospho-ERK-ir neurons in the mPFC were primarily located in the prelimbic and anterior cingulate subregions with the morphology resembling pyramidal neurons. An increase in phospho-ERK-ir was also observed in the brainstem dorsal raphe nucleus and locus coeruleus. The NMDA GluN2B subtype receptor antagonist Ro 25-6981 increased phospho-ERK expression in the brain in a similar pattern as ketamine. In summary, we have established a sensitive and reliable focused microwave irradiation-assisted IHC assay, and defined the activation pattern of ERK, in response to systemic ketamine and Ro 25-6981 treatment, in brain regions that are potentially responsible for mediating the antidepressant effects.